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Foreword 



This book by Issam El-Said and Ay§e 
Parman throws much light on an aspect of 
Islamic art which is líttle known and rarely 
studied but which is none the iess fundamental. 
It is true that the use of particular geometric 
schexnas as a basis of composition is not the ex¬ 
clusive prerogative of Islamic art, for it is found 
to a greater or lesser extent in all traditional art, 
in the West no less than in the East, and this 
principie shines out as clearly in the Windows of 
Gothic cathedrals as it does in the marídalas that 
lie at the root of sacred architecture in India. 
But it is in Islamic art that this ‘sacred geometry’ 
is developed with the greatest inner logic and 
amplitude. This means that Islamic art is far less a 
way of expressing emotion than a Science and that 
a Muslim artist will willingly subordínate his 
individuality to the, as it were, objective and im¬ 
personal beauty ofhis work. 

Europeans of our day are distrustful of any 
canon that is imposed upon art and they are all too 
ready to regard it as an obstacle to ‘creativity’, 
especially when this canon can be translated into 
mathematical formulae. Now the geometric 
models used in traditional art have nothing to do 
with a rational, or even a rationalistic, system- 
atization of art; they derive from a geometry 
which is a priori non-quantitative and which is 
itself Creative because it is linked to data inhering 
directly in the mind. At the basis of this geometry 
there lies the circle which is an image of an infinite 


whole and which, when it is evenly divided, gives 
rise to regularly shaped polygons which can, in 
their turn, be developed into star-shaped poly¬ 
gons elaborated indefinitely in perfectly har- 
monious proportions. 

Issam El-Said and Ayje Parman are care- 
ful to trace the use of these geometric parteras 
back to the very earliest methods used in archi¬ 
tecture for the measurement of space. In fact, in 
the absence of exact units of measurement, it was 
possible to transpose a plan from one scale to 
another by reference to a geometric pattern 
inscribed within a ‘guiding circle’ of variable size. 
A large circle would be traced out by means of a 
cord on the site of the proposed building and, 
after the división of this circle into a fixed number 
of segments, the geometric figure which had served 
as the outíine for the original plan would then be 
superimposed upon it. Now the important thing 
from an aesthetic point of view is the qualitative, 
and non-quantitative, nature of such a procedure 
in which the implicit presence of the circle 
guarantees a harmonious relation between the 
parts and the whole. Once this framework had 
been laid down, the artist could place within it the 
various elements of the work in hand, giving full 
play to his imagination which was thus guided 
but not suffocated; a perfect rule inspires, it does 
not deaden. 

In the Islamic perspective, this method of 
deriving all the vital proportions of a building 


ix 



Foreword 


from the harmonious división of a circle is no 
more than a symbolic way of expressing Tawhíd, 
which is the metaphysical doctrine of Divine 
Unity as the source and culmination of all 
diversity. It is not surprising, therefore, that 
Muslim artists should have explored all the geo- 
metric Systems that depend upon the regular 
división of the circle. In its purest form, this 
geometrical ‘speculation’ can be seen in the art of 
decoration, whether this be ornamenta tion in 
ceramic mosaics or a relief covering the surface 
of a dome. 

The Science of proportions doubtless goes 
back to remóte antiquity and even to prehistory. 
Moreover, there is an analogy to proportion in the 
realm of metre, namely rhythm and, again, in 
music, in the form of the interval. From another 
point of view, rhythm is involved indirectly in the 
visual order j it governs in particular the flow of 
the arabesque. Lastly, proportion and rhythm 
come together to determine the art of Arabic 


calligraphy, which plays a leading role in th. 
world of Islam. 

Islamic art has been extensively studied ii 
relation to its history; but the study of its artista 
methods, which comprise both a Science anc 
craftsmanship, has been broached by only a fev 
enquiring minds. Issam El-Said and Ay ge Par 
man’s book provides a starting-point for in- 
vestigation of this latter category. More than that 
it contains a message which is in singular contrasi 
to a certain modem conception of art which is 
assessed by purely psychological and subjectivt 
criteria. The traditional Science of proportior 
affirms, in short, that beauty is not a matter oJ 
traditional tas te; whilst having unlimited pos- 
sibilities, it has lawsj it is objectively true. 

Titus Burckhardt 
Fe Z 

October, 1975 



Introduction 


The aim of this study is to trace man’s 
approach to measure and to outline the geometric 
concepts of composition and the process of their 
appli catión in the different fields of Islamic art. 

Most fields of Islamic art are linked from 
China to Spain by a unifying concept of composi¬ 
tion despite the diversity of materials, forms or 
styles used. 

Representational art did not have priority 
in the Islamic culture. This caused the develop- 
ment of a unifying concept of composition in 
abstract decorative art, which transcends the 
physical world rather than presenting a pictorial 
imitation of nature. In other civilizations the 
canons of representational art, based on subjective 
aesthetics, prevented the achievement of a similar 
unifying abstract concept between the visual arts 
and other forms of artistic expression. 

The following chapters are an attempt to 
explain how geometry was employed as a method 
for mensuration and composition before the ap- 
pearance of our present numerical decimal system 
in the eighth century A.D. A brief explanation is 
also presented on how in conceptual terms most 
forms of artistic expression in the Islamic civiliza- 
tion were founded on the same ordering principie 
or mizan (balance, order), which was conceived as 
the basis of the laws of creation. 

Through the geometric approach to design, 


the systematic execution of decorative arts, calli- 
graphy, architecture and the composition of music 
and Arabic poetry were unified. The geometric 
method enabled the artists to create freely yet 
easily and correctly without the restrictions of a 
numerical system. Perfect inter-relationships 
between the parts and the whole of the composi¬ 
tion were attained irrespective of mode, form or 
scale of expression. Henee a universality was 
achieved in the Islamic world which is consistent 
with the Islamic belief that all creations are har- 
moniously inter-related. 

The Islamic heritage is an important link 
in the chain of man’s progress and in the assimila- 
tion of the Mesopotamian and Ancient Egyptian 
heritage and of the Asiatic and Greek culture. Its 
significant contributions in the fields of Science 
have been recognized, but its achievements in the 
field of art and design have been greatly under- 
estimated. 
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i Historical 
Background 


There is evidence of the existence in the 
Near East, some time during the fourth millen- 
nium B.C., of two societies each with an entirely 
different structure: the Mesopotamian state-cities 
and Egypt united under the rule of a divine king. 
These societies had developed Systems of govern- 
ment, a social order, prívate ownership, com- 
merce, etc., which depended on accepted Systems 
to organize, codify and record them. By 3000 B.C. 
in both regions there were calendrical astrono- 
mers, surveyors, architects and irrigation engi- 
neers who based their work on a mathematical 
foundation. Sumer and Egypt both produced 
monumental modes of artistic expression (e.g. 
temples, palaces, sculpture, etc.), which were 
without precedent. These innovations are im- 
portant markers of the transformation of pre- 
historic cultures into the first great civilizations. 

The architectural feats of Mesopotamia 
and Egypt encourage us to suppose that they had 
elabórate rules of mensuration. The Egyptian 


rope-stretchers and temple surveyors must have 
developed a reproducible method, by using peg 
and cord, to trace circles and straight lines on 
sand. This enabled them to establish a geometric 
procedure for generating precise and accurate 
constructions of a particular style such as the 
Great Pyramid at Jízah, built about 2600 B.C. It is 
only fitting here to emphasize how considerable 
was the debt of Greek geometry to both Egypt and 
Mesopotamia, The Greek genius was to transform 
geometry into an exact abstract reasoning device. 
The culmination of their contribution, which 
moulded geometry into an academic form, was 
achieved by Euclid, the founder of the Alexan- 
drian School about 300 B.C., in his book, The 
Elements. This illustrates the evolution of the 
common human heritage, and shows how succes- 
sive civilizations borrowed from preceding ones 
and. developed methods of self-expression that 
best served their particular beliefs and practices. 
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Man and Measure 


2 Measuring and 

Dividing Dimensions 

It has been argued justifiably that necessity 
motivated man to construct the implements and 
dwellings best suited to bis mode of surviva!, and 
that trial and error established the reproducible 
methods employed in the process, and henee the 
‘traditionar skills. 

Until the eighth century A.D., when the 
introduction of the zero and the decimal system 
by the Arabs from their origins in India took place, 
and the use of Arable numeráis from one to nine 
was established, the abstract mathematical opera- 
tional valué of numbers as we understand them 
today did not exist. Before that timo, each number 
was symbolized by a mark or sign to denote its 
qualitative valué. At a later stage, the alphabet was 
substituted for these marks, e.g., the Ancient 
Greek, Román, Hebrew or Arabic (Abjad Hawaz) 
alphabet, as a system for counting. These letters 
were used in basic calculations and did not have 

UNIT LENGTH 


great mathematical operational valué. To illuí 
trate this, let us try and divide: 

XXXII V 3 / 32 \ 

IV j \ 4 / 

Henee, to presume any linear scale unit fe 
measure based on a numerical system such as 
metre, or a foot with decimal subdivisions an 
múltiples, could not have been conceived withoi 
the zero. Complicated calculations without the ai 
of such a system would have been impossible. 

It could be argued that man used a moi 
practical and simple approach for solving suc 
problemas. If a man were given a length of rope, etc 
he could use any convenient unit, e.g., his han 
arm, foot or stride, as a unit measure to State i 
dimensión. Then, irrespective of the dimensioi 
he could divide it into two or more equal par 
simply by folding the given length into 2, 3, 
etc., equal folds. Any number of further pr< 
portional divisions could be achieved by ti 
repeated folding into two. Thus the required nun 
ber of unit parts is obtained by folding in ha 
and thereby doubling the number of the previot 
fold (Figure 1). 


FIRST FOLD 



1 


5 


SECOND FOLD 


8 


TH!RD FOLD 



Figure 1 


1 

To 
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Number of parts in first fold 
2,3,5, etc. 

Number of parts in second fold 
4,6, io, etc., respectively 
Number of parts in third fold 

B, 12,20, etc., respectively 

Tbe result in divisions by the folding 
technique would always be in whole units, and 
thus fractions would not be involved. This method 
is still employed at present in various Asiatic and 
African societies. 


3 The Organization 
of Space 


Once again, we can obtain clues from a 
traditional’ technique in current use to explain 
iow this organization of space could have been 
ichieved. In the construction of geometric pat¬ 
eras in some traditional Islamic crafts (e.g., wood 
nlaying, metalwork, ceramic designs) the com- 
xasses and ruler are the only two major instru- 
nents used. In principie, this method is reminis- 
:ent of the rope-stretching techniques of survey- 
ng, using peg and rope for a pair of compasses, in 
:he planning of buildings in Ancient Egypt. Man 
xas found through the utilization of geometry 
meaning literally land measure), based on the 
árele, a perfect method to shape areas without 
esorting to complicated mathematical calcula- 
ions such that, after the development of mathe- 
xxatics (the decimal system), this method, com¬ 
plete in itself, remained unaltered. 

From a circle it is possible to generate any 
regular polygon once the circumference is divided 
íqually to the required number of sections and 
straight lines join these points of división. It will 
xe illustrated below how, through using the three 
xasic divisions of the circumference into 3, 4 or 5 
rqual sections, the rest of the most commonly 
xsed polygons are obtained. 


To construct an equilateral triangle with 
side AB 


C 



Draw line AB (Figure 2). 

With centre A and radius AB describe an are 
above the line. 

Repeat same radius with centre B, such that the 
two ares intersect at C. 

Draw straight lines from C to A and C to B. 

To construct a square with side AB 



1 

X 


Figures 3a, b and c 

Bisect AB at O (Figure 3a). 

With centre O and radius OA describe a circle 
cutting the bisecting perpendicular at C and D 
(Figure 3b). 

With the same radius O A draw four semi-circles 
with centres at A, B, C and D respectively 
(Figure 3c). 

Join in straight lines the points of the intersecting 
semi-circles a, b, c and d to form the square. 
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To construct a pentagon within a circle 





With centre O and radias OA describe a circle 
cutting the upper perpendicular at C (Figure 4a). 
Bisect radius OB at D (Figure 4b). 

With centre D and radius DC draw an are cutting 
OA at E. 

With centre C and radius CE draw an are cutting 
the circumference at F (Figure 4c). 

FC equals one side of the inscribed pentagon 
CFGHI. 

With centre F and radius CF, cut the circum¬ 
ference at G. Repeat with centres G, H and í 
successively. C, F, G, H, I is then the required 
inscribed pentagon. 


To construct a hexagon with side AB 




Describe a circle with radius AB. The radius of 
the circle cuts its circumference into six equal 
parts forming the hexagon BCDEFG (Figure 5a). 

Further equal división to 12, 24, etc., 
can be achieved simply by joining alternated 
points of the hexagon by straight lines making 
two equilateral triangles BDF and CEG which 
form a six-pointed star BCDEFG (Figure 5b). 
Further point-joining with straight lines through 
the centre of the circle of the opposite points 
of the intersecting sides of the star, and extending 
these lines to cut the circumference will give 
twelve subdivisions of the circumference. Draw 
diameters DG, CF and BE. Join points of inter- 
section b, c, d, e, f, g of diameters with sides of 
triangles and extend them to cut the circumference 
into 24 equal parts (Figure 5c). 


ít is the geometric possibility of the radius 
being employed to subdivide the circumference of 
the circle it describes into 6, 12, 24, etc. equal 
sections that encourages one to believe that this 
was probably the basis of the Sumerian and Baby- 
lonian sexagecimal system of measure, and that it 
is related to the astrological system of twelve signs 
of the Zodiac, the calendrical divisions of the year 
into twelve months, and of measure based on six, 
such as the dozen or the carat. 

The initial divisions of the circumference 
of the circle into 3,4 or 5 equal parts can be carried 
out geometrically (as explained above). The 



middle line of Figure 6 shows how, by bisectin 
the sides of the inscribed polygon, the sut 
divisions of the circumference are doubled t 
6, 8 and 10 equal parts respectively. By using th 
point-joining method the subdivisions of the cii 
cumference can be increased by a factor of tw 
(see bottom line in Figure 6) whereby the initi: 
divisions are redoubled to 12, 16 and 20 equ; 
parts. Thus the subdivisión of the circumferenc 
of a circle by triangulation and the point-joinir 
method is in principie similar to the subdivisior 
of any linear dimensión by the folding techniqu 
The regular polygons of 3,4, 5, 6,8,10,12,16 an 
20, etc., sides are obtained by joining the points < 
división on the circumference with straight line 
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These regular polygons can be subdivided 
:o basic units in the shape of right-angled triangles, 
ihe number of these triangular sub-units being 
;quaJ to twice the number of sides of the compris- 
ng polygon (Figure 7). The sides of these tri- 
mgular sub-units consist of the radius of the circle 
:ircumscribing the polygon, the bisecting perpen¬ 
dicular line from the centre to the side of the 
uolygon and one-half of the side of the polygon. 



figure 7 


From this we can observe that the basic 
riangular sub-units of all the polygons with a 
:ommon circumscribing circle differ only in the 
>roportion of their two perpendicular sides. 
•íence, possibly, comes the notion that ‘the tri- 
tngle is to geometry as one is to numbers’. It is 
his constant relationship of the parts to each 
>ther, which we described as proportion, which 
letermines the shape and properties of regular 
jeometric forms irrespective of size. 


\ Proportion 

The concept of proportion is based on 
atio. ‘Ratio is the relation between two things of 
he same kind, of which we know the measure of 
he one as compared with the other. We cali a man 
ather when we contrast him to his child, and 
he latter a child when comparing with the father. 
limilarly, we cali one thing half of another which 
5 double of the former.’ 1 Ratio is expressed as a: b 

3 . 

•r represented as a fraction-g, where a and b can be 

ny number. Proportion is the equality of two or 
oore ratios which can be either: 


continuous: 


e.g. 


> t - = — = -7 etc., 
b c d 


2 _ 4 _ 
4 8 


16 


etc. 


or discontinuous: 



c f 

= j = - etc., 
d g 

1 __ _5_ etc 
6 10 


Both have a constant characteristic ratio, 


4 j 

m this case represented numerically as-. 

The rectangle is the most commonly used 
shape in design. Its characteristic ratio is expressed 
by the measure of its short side (a) to its long side 
(b); a;b can be any ratio, 2:3, 3:5, 5:6, 5:8 
(Figure 8). 



FigureS 


In a square, a and b are equal, and therefore 

a J 

the proportion is ^ = - = 1, i.e., unity. When 

constructing a rectangle the short side (a) of which 
is the side (a) of a square and the long side (b) is 
equal to the diagonal of that square, the ratio a: b 
is equal to 1:^2 (from the theorem of Pytha- 
goras) (Figure 9). 

Figure 9 
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The square root of two, V 2 > is called an 
irrational number because there is no rational 
number which, when multiplied by itself 
(squared), gives two. Therefore its approximate 
valué will lie between two numbers one smaíl and 
the other large. 


1.41 

1.414 

1.4142 

etc. 


and 1.5 
and 1.42 
and 1.415 
and 1.4143 
etc. 


This led to the doctrine of the incom- 
mensurable which simply means that in theory 
the si de and the diagonal of a square cannot be 
measured exactly using the same scale. In other 
words 1: V 2 is not expressible as the ratio of two 
integers. 

The Greeks could not explain the meaning 
of V 2 because they had no numerical system, as 
we have dernonstrated above with the aid of the 
decimal system. The irrational numbers \/ 2 , V3, 
Vs, etc., were called by the Pythagoreans the 
‘unspeakable numbers’ which could be drawn but 
not expressed numericalíy. 

Rectangles with the ratio of their two sides 
a:b equal to 1:^2, 1: a/ 3 > i:V 5 » etc., i- e -> I: 
‘irrational number’, were called by Hambidge 2 
‘the dynamic rectangles’, the construction of which 
is illustrated in Figure 10. 
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Figure 10 


‘Symmetria’ in classical terminology meant 
the proportionality between the constituent ele- 
ments of the whole. Since the concepts of ‘sym¬ 
metria’ are based on harmonio proportions, the 
linear numerical methods of analysis of geo- 
metrically constructed designs invariably result 
in approximations or inaccuracies because of the 
irrational numbers derived from the proportions 
of the geometric elements of the design. 
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Chapter II 

Geometric Patterns 
in Islamic Design 


i The Concept of 
the Repeat Unit 


To our knowledge, no record has survived 
to instruct us in the theory of designing Islamic 
geometric patterns. In this chapter, we will attempt 
to illustrate how the craftsmen at different times 
and places in the Muslim world proceeded to 
apply the geometric principies to the practical 
problems of making geometric patterns. Although 
others 1 have tried to describe the construction of 
these patterns, their works involved incomplete or 
unsatisfactory explanations. In our opinión, these 
works lack the fundamental concept of what we 
will cali the ‘repeat unit’ of a design. It is the syste- 
matic arrangement of the repeat unit which pro¬ 
duces the overall design. 

In the Muslim world today, the craftsmen 
engaged in making geometric patterns on wood, 
marble, metal, ceramics, etc., empíoy the tradi- 
tional tools of compasses and rule. The geometric 
method, applied, developed and perfected by un- 
known masters of the past, is no longer a device 
for generating new designs, but one for reproduc- 
ing the oíd. 


In the following sections of this chapter, 
detailed illustrations will show how the shape of 
the repeat unit of a design is determined by use of a 
circle. The basic or unit measure is taken as the 
radius. The initial divisions of the circumference 
of the circle (described by the unit radius) into 4, 
6 or 5 equai sections (or múltiples of these sec¬ 
tions) determine the system of proportioning used 
to generate the repeat unit of the design. Although 
the analyses of the repeat units based on 7, 9, 11 
(etc.)-sided regular polygons and their stars, or 
combinations of these polygons, have not been 
included, the principies of their construction are 
the same as those described in this book. 
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2 The Square and the 
Root Two System of 
Proportion 

This section ineludes all designs based on 
the repeat pattern generated from squares in- 
scribed in a circle. The repeat pattern, which gives 
the design its character, is determined by grid 
lines drawn between points established by the 
intersecting sides of the squares inscribed in the 
circle. By inscribing squares within the circle, a 
geometric method of proportional subdivisión of 
the area of the repeat unit and, thereby, of all the 
grid lines of the pattern, is achieved. 



Figure na 
Figure xxb 



When a surface is to be decorated, one of its 
sides is divided equally into a number of parts cor- 
responding to the number of repeat units required. 
The area is then filled with circles (Figure na), 
the diameters of which are equal to the sub- 
divisions of the side of the surface being decorated. 
The area is now equipartitioned into square repeat 
units by the point-joining method (Figure nb). 
This procedure is similar to the method of con- 
structing a square as described on page 3. 

In each square repeat unit (Figure 12a) the 
proportion of the side of the inscribed square 
ACBD to the side of the circumscribed square 

AD 1 

abed is —r = —r ad — AB, the diagonal oí 

3.Q ¿ít 

the inscribed square). Thus the sides of the series 
of concentric squares drawn in Figure 12b are 
related by the proportion 1: \/2, and therefore 
the areas are progressively halved. In Figure 12c 
where only the squares of Figure 12b with vertical 
and horizontal sides are considered, the propor¬ 
tion of the sides of these series of squares is 1:2 
which means that the sides are progressively 
halved and the areas quartered. 

In Figure 13a by drawing the diagonals ac 
and bd of the circumscribed square and joining 
their points of intersection with the circle we form 
the square efgh, which is congruent to square 
ACBD, but with sides parallel to square abed. The 
squares ACBD and efgh thus create an octagonal 
star, which we refer to as the ‘master grid’ of the 
unit pattern based on this octagonal star. By draw- 
ing the concentric octagonal stars (Figure 13b) 
using the point-joining method we establish a 
geometric system of harmonious subdivisión oí 
the repeat unit. In this system of concentric 
squares the consecutive parallel sides (Figure 13c) 
are related in the proportion of 1: V 2 and the altér¬ 
nate parallel sides are related in the proportion oí 
1:2; therefore all the sides and the diagonals of the 
square repeat unit can be subdivided in these pro- 
portions. This illustrates the best practical geo¬ 
métrica! system of mensuration which was avail- 
able when arithmetical calculations were not 
possible. 

It was mentioned in the introduction that 


the geometric method allows the artist great scope 
for improvisation. The designs presented on 
pages 44 to 47 illustrate how a square repeat 
unit can be modified to a rectangular repeat unit: 
this allows for new repeat patterns and the in- 
corporation of variations into a basic design. 
Alternatively, the basic square shape of the repeal 
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C 



Figures 12a, b and c 





Figures 13a, b and c 


unit is maintained, but the basic repeat pattern 
generated on a given set of grid lines is shifted as 
illustrated in Figure 36 (p. 49) to create variations 
on the original design, These modifications were 
especially useful in the decoration of borders. 

The repeat unit of the design could be 
applied with the aid of a full-scale témplate pierced 
with holes at the principal intersections of the grid 
lines to indícate with points the lines to be drawn 
to generate the repeat pattern. In the working of 
mosaics the dimensions, shapes and the required 
number of component geometric forms could be 
accurately determined with the construction of a 


single repeat unit. In lattice woodwork the repeat 
units could constitute the structural components 
as well as the decoration of the whole. 

On pages 10 to 49 Islamic geometric 
designs based on the octagonal star (or the y/2 
System of proportioning) are analysed in the 
manner described. The top line of the figures 
shows how the master grid and the dependent grid 
lines of the pattern are constructed to draw the 
repeat pattern. Below these the overall design is 
given by the múltiple presentation of this repeat 
pattern. Photographs, where they are available, 
show the application of the design. 
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Píate i. Masjid-i-Jámij Farumad, Irán, 7th/i3th* century. 
*see page viii for explana tion 
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Figure 14 
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Figure 15 
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Píate 6. Portal* Büyát Karatay Madrasah. 
Konya* Turkey * 649 / 1 25 1 . 


Píate 7» Tomb towers* Kharraqan* Irán* 
459/1067. 





Figure 17 









Piste 8. Tomb towers 3 Kharraqán* Irán, 459/1067, 









Figure 18 
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Píate 9. Minaretj Jam> Afghanistan;, 7th/i3th century. 
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Figure 19 
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Píate 10. Detail of mausoieum of Khwaja Atábeg, Kirmán^ Irar 
6th/i2thcentury. 
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Figure 20 



23 









Píate ii. Minare^ Husayn Baykara Macirasah, Herat, Afghanistan, 
873-912/1469-1506. 




Figure 21 
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Figure 22 







Píate 13. Tomb towers, Kharraqan, Irán, 459/1067. 
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Figure 23 
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Píate 15. Madrasah 3 Khargird, Irán, 848/1444 













Figure 2 5 
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Píate 16. Telmout Castle, Morocco. 
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Figure 26 
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Figure 27 
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Figure 28 





Figure 29 






Figure 30 
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Figure 31 
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Figure 32 












Figure 33 



















Figure 34 



43 











35 » 


Figures 35a, b, c and d. Figure 35a presents a design based on the 
octagonal star. The repeat unit of this design is a square with side a 3 
which can be changed into a rectangle of sides a and b where the 
ratio of a :b can be equal to 1 : 1:1 + Vb or t0 1: r + V 2 as shown 
in Figures 35b, 35c and 35d respectively. The variatíons introduced 


into the basic design are indicated in Figures 35b and 35c. 
Figure 35d> the modification of the repeat unit has resulted in 
lateral shifting of the basic octagonal star repeat pattem within 
consecutive horizontal bands. 


44 




45 















Figures 36a, b, c and d. Figure 36a represents a basic design 
employed to decórate bands and borders, The square repeat unit in 
Figure 36a can be bisected by the use of the.circle as shown in 
Figure 36b, and the halves of the repeat pattem can be Ínter- 
changed to create a new variation of the design. Other variations 
can aíso be achieved, and one example is shown in Figures 36c and d 
where the diagonal of the original square repeat unit is rotated 
through 45 o . The whole (d) or half (c) of the new repeat pattem can 
be used to generare border designs. 
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3 The Hexagon and the 
Root Three System 
of Proportion 



Figure 37b 


The designs presented in this section ar 
based on the master grid of the hexagonal stai 
The initial procedure for obtaining the size of th 
repeat unit is the same as described in section 
of this chapter. Once again one side of the area t 
be decorated is subdivided by the use of the corr 
passes into a number of parts equal to the numbc 
of times the repeat unit is to be incorporated ini 
the design along this side. 

The whole area is then further divided t 
the circles and the adjacent inscribed hexagons ai 
drawn by the point-joining method (Figure 37 
The repeat unit is thus a hexagon, the side of whk 
is equal to the radius of the circumscribing circl 
The master grid is formed by the hexagonal sta 
drawn in this hexagon by joining either the alte 
na te corners of the hexagon (Figure 38a) or ti 
altérnate midpoints of the sides (Figure 38b). 




The hexagonal star system (Figure 3? 
provides a method of progressively dividing t 
diameter of the hexagon in the ratio of 1:2. T 
hexagonal star system (Figure 38b) similai 
divides the height of the hexagon in the same ra 
of 1:2. Since the ratio of the height AB of t 
hexagon (Figure 39b), i.e., the side AB of t 
hexagonal star (Figure 39a), to BC the diameter 
the hexagon (Figure 39a or c) is \/ 3 :2 a geomet 
system of relating the two dimensions of t 
hexagonal repeat unit is achieved without neo 
sitating the use óf an arithmetical system based 
the irrational numbers. 



Figure 39a, b and c 


50 





Hexagonal tiles, representing the hex¬ 
agonal repeat unit, ha ve been used to cover sur- 
faces (Figure 100, page 144). However, the 
hexagonal repeat patterns ha ve ai so been incor- 
porated into rectangular repeat units to generate 
the same design (Figure 40). 


Figure 40 



The two sides forming the upper córner O 
of the hexagonal repeat unit are extended to join 
the lines through the parallel sides AD and BC of 
the hexagon. The procedure of extending the two 
sides forming the lower córner of the hexagon to 
cut the same parallel sides is repeated, thus form¬ 
ing a rectangle of sides a and b, where a equals the 
side AB of the hexagonal star and b equals 3r (r is 
the radius of the circle and the side of the hexagonal 
repeat unit as indicated), or twice the height of the 
equilateral triangles forming the hexagonal star; 
and the triangle AOP is similar to triangle ABC of 
Figure 39c. 

In pages 52 to 81 of this section, geometric 
designs based on the hexagonal repeat pattern are 
analysed in the manner explained in the previous 
section. 




Píate 17. Detail from Maqámdt of AbHarirL, Abbasid, copíed 
2nd/8th century from an eariier mamiscript. 
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Píate 18. Topkapi Palace, Istanbul, Turkey. 


Píate 19. Shibam-Kawkaban, Yemen, late 3rd/9th or eat 
4 th/ioth century. 
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Figure 42 
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Píate 20* Detail of Persian mamiscript, I2th/x8th cenmry, 
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Píate 21. Tomb towers 3 Kharraqan^ Irán, 459/1067 





Figure 44 
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Píate 22. Tomb of Akbar, Sikandra, India, 1021/1612-3, 
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Píate 23. Tomb towers 3 Kharraqan^ Iran> 459/1067 
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Figure 46 
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Píate 24. Tomb towers, KharraqSn, Irán, 459/1067 



























Figure 48 
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Píate z 6 . Detail from the Khamsah of Nizamí, Herat, Afghanistan, 

899/1494- 




Figure 49 
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Píate 27. Chehel Dukhtarán, Isfahan, Irán, 5th/i ith century. 
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Fíate 28. Tomb towers, Kharraqan, Irán-, 459/1067. 
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Píate 29. Mas j id-i-Jámi, Varzaneh* Iran> mid9th/i5th century, 
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Figure 55 







Figure 56 
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Figure 57 
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4 The Pentagon 

and the Golden Ratio 

Euclid described the Golden Ratio as the 
‘extreme and mean ratio’. Renaissance writers 
referred to it as the ‘Divine Proportion’, and in the 
nineteenth century it became known as the 
‘Golden Section’. At present it is occasionally 
represented by the letter phi, to express the 
ratio obtained by the following reasoning. 

If the ratio between two quantities of the 
same kind is such that the ratio of the bigger b to 
the smaller a equals the ratio of the sum of both 

, , ■ ,1 b b + a , 

a -f b to the bigger b, that is, - = —g— — <p, 

then we have the Golden Ratio. The Golden Ratio 
has been represented numerically by the Renais¬ 
sance scholar, Fibonacci, by means of a series: 

bb-fai 2358 i 32 i , 

a 5 b 5 T T 2 5 3 5 5’ 8 5 13 ' ‘ ‘ 

The series is an approximation which becomes 
more accurate the higher it goes until it nears the 
decimal valué of (j> at 1.618. 

To divide a straight lime AC into two seg- 
ments related by the Golden Ratio 

Given a line AC (Figure 58), draw the 
perpendicular DC — ¿ AC, and with D as centre 
and DC as the radius describe an are cutting AD 
at X. With A as centre and AX as the radius 
describe an are cutting AC at R. 



A B C 


Figure 58 


To obtain the Golden Ratio from a square 

The Golden Ratio (¡> can also be obtained 
by the use of a square. Bisect at O the side AB of 
the square ABDE (Figure 59). 

Draw diagonal OD, and with centre O and radius 
OD cut extended AB at C. If BD = 1, OB = \ 
and, therefore, using the theorem of Pythagoras, 

OD = OC — 


Since AC = AO + OC, then: 
AC: AB 1 =d 



Figure 59 
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To construct a pentagon with a given side AB 
Bisect AB at O (Figure 6o), and construct 
square ABPQ; with O as centre and OP as radius 
describe a semi-circie intersecting the extensions 
of AB at C and D. Taking A as centre and AC as 
radius, describe an are cutting the perpendicu¬ 
lar bisector of AB at X, and with B as centre and 
BD as radius describe another are from D inter¬ 
secting the perpendicular bisector of AB also at X. 
Then with B as centre and BP as radius describe 
an are cutting are CX at Y, and repeat with A as 
centre and AQ as radius to cut are DX at Z. Join 
points BYXZA to form the regular pentagon. 


X 



It can be seen that the line AC was obtained 
by the same procedure as shown in Figure 59, and 
that AC: AB — 0 , i.e., the ratio of the diagonal to 
the side of the regular pentagon equals the 
Golden Ratio. The diagonals of the pentagon are 
the sides of the inscribed pentagonal star (Figure 
61a) which cut each other in the proportion 0, i.e. 
AX _ AG _ GX 
AG “GX GH 7 > etc - 
The method of constructing a pentagon in a circle 
has already been given in Figure 4. 

In the inscribed decagon Figure 6ib, 
which is derived from the pentagon (as shown 
earlier in Figure 6), the ratio of the radius OX of 
the circumscribed circle to the side XE of the 
decagon and the ratio of the side XF of the star 
decagon to the radius XO of the circle is equal to 


the Golden Ratio, i.e., QX — XF = á 

XE OX 

It can be seen that the regular pentagon and the 
regular decagon provide the designer with a geo¬ 
metric system of proportioning based on the 
Golden Ratio. 


X 



Figures 61a and b 




Patterns based on the pentagon and decagon 
In this section six patterns are analysed. 
The master grid of these patterns is the decagonal 
star. The repeat unit is either a rectangle (Figure 
62) or a rhombus (Figure 63) but in the latter case 



Figure 62a. a: b = 2r: 2 AB (side of pentagon). 
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it is easier to use rectangular forms derived from 
the rhombus. 
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Píate 33, Eighteenth-century tiles fromthe Masjid-i~IámÍ, ísfahan, 
Irán, 
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Figure 66b 


Píate 35. Shrine of Zayn al-Din } Tayabad, Irán, 
9th/i5thceatury. 
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5 Patterns Based on 
the Double Hexagon 

The patterns analysed in this section are 
generated by dividing the circumference of the 
circle into twelve equal parts, the process of 
which has been described earlier in Figure 5b. 
Two hexagons are inscribed in the circle by join- 
ing the altérnate points on the circumference 
(Figure 68). 

The repeat unit of the overall design can 
be one of the inscribed hexagons, or the circum- 
scribed square as shown in Figure 68b, and also 
in Figures 76, 77 and 78 (pages 106 to ni). The 
method of equipartitioning the area to be decor- 
ated into hexagonal or square repeat units has 
already been described in sections 1 and 2, re- 
spectively, of this chapter. The master grid of the 
repeat pattem is constructed by inscribing three 
squares or four equilateral triangles either by 
using the twelve points of división or the circum¬ 
ference of the circle (Figures 69 and 70 respec- 
tively), or by using the midpoints of the sides of 
the inscribed hexagons (Figures 71 and 72 
respectively). Constructing the master grid by the 
former procedure and generating the grid lines 
and the repeat patterns of two different designs is 
also illustrated in detail in Figures 79 and 80. 

These particular methods of constructing 
the master grid established the only system com- 
bining the \/2 and V3 system of proportioning 
(see sections 1 and 2 of this chapter). The resul- 
tant repeat patterns thus inelude equilateral tri¬ 
angles, squares, hexagons, octagons, dodecagons, 
and their stars, to create the characteristically rich 
visual harmonies of design illustrated in this 
section. 

Different systems of proportioning can be 
thus combined when the circumference of the 
circle is sectioned equally by that number of 
points on which múltiples of the regular polygons 
providing these particular systems of proportion¬ 
ing can be drawn to give the required master grid. 
For example, when the circumference is divided 
into fifteen equal sections, five equilateral tri¬ 
angles or three pentagons can be inscribed to give 
the master grid which combines the proportion¬ 
ing systems based on the V 3 an d the Golden 
Section. The resultant repeat patterns would be 
characterized by triangles, pentagons and their 
múltiples combined with their respective stars. 




Píate 36. Tomb towers, Kharraqán, Irán, 459/1067, 
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Figure 69 
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Píate 38. Shibam-Kawkaban, Yemen, late 3rd/9th or early 4th/ 
joth century. 


Figure 73 










Figure 75 
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6 Artistic Creativity 
and the Geometric 
Method of Design 

Geometric patterns are constructed by the 
recurrence of geometrical forms, the resultant 
ordering of which is determined by the Creative 
act. When the Systems of proportioning have 
been selected, the creation of patterns by infinite 
combinations of the geometric forms providing 
these systems of proportioning becomes possible. 
The designer thus has the freedom of choosing his 
systems of construction as well as the freedom of 
constituting the variations made possible by these 
systems. The geometric method therefore estab- 
lishes an approach to art in which the execution 
and the aesthetics of the composition is syste- 
matically determined. However, it cannot be 
regarded as a purely mechanical process on 
account of its capacity to accommodate human 
self-expression. The reader must now conceive 
that the ability to exploit the freedom of expres- 
sion by the geometric method necessitated a deep 
familiarity with the available systems of con¬ 
struction only acquired after long periods of 
experience. The knowledge gained in this field, 
being very broad and detailed, was only transmit- 
ted through apprenticeship. The artistic achíeve- 
ment, as in music, was an abstract or intellectual 
beauty arising from order or ‘truth’, with ex- 
pressiveness and originality based on the depth of 
knowledge and skill, in that order, the joyful 
pursuit of the usually ‘anonymous’ artist who 
thus wove his identity into his work. 
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Architecture, the craft of building, in- 
volves definite planning to attain unity of form. 
The transition from primitive building to archi¬ 
tecture must have been attained by the introduc- 
tion of mensuration. The earliest constructions 
we know to have been accurately planned are the 
Sumerian temples of the fourth millennium B.C. 
Although the need for shelter first motivated man 
to start building, architecture, as defined here, 
also had the spiritual function of ‘sheltering’ the 
gods and the dead. The main significance of the 
temples and pyramids lay in their external forms 
and ensured visual recognition of their archi- 
tectural construction as monuments. It was geo- 
metry, the language of architecture, which made 
possible the diverse stylistic developments for 
exteriors not only to indícate a function but also, 
as in other art forms, to evoke an emotional 
response. This was achieved by the organization 
of the constructional and decorative elements, 
e.g., columns, arches, and Windows, in definite 
proportion to the dimensions of the complete 
structure. For example, the Doric, lonic and 
Corinthian Greek orders were distinguished by 
the relative proportions of their constituent 
constructional and decorative elements and were 
used to express ideas and feelings of grandeur, 
solemnity or joy — the very reasons for describing 
architecture as ‘frozen music’. 


i Tracing Islamic 
Methods to a 
Possible Origin 

Architectural planning is basically geo- 
metrical organization of areas. In the previous 
chapter we demonstrated how it would be pos¬ 
sible to organize small areas (i.e., a repeat unit 
and the repeat pattern of a design) by the use of 
compasses and rule. When considering work on 
the architectural scale, however, an implement or 
a method replacing the compasses has to be 
thought of. The earliest possible method we 
could refer to is that of the rope-stretchers 
(temple surveyors) in ancient Egypt . 1 Since not 
much has come to be known of the techniques of 
the rope-stretchers, one has to attempt to deduce 
the simplest possible methods employed from 
the relevant historical evidence so far made 
available. 

Ropes with twelve equidistant knots have 
been found in Egypt. A reel of these knotted 
ropes was included in the pictorial representation 
of Sesheta (also known as Sefkhet meaning ‘seven’ 
and distinguished by seven plumettes on her 
head) who was the goddess of construction, ‘the 
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lady of the builder’s measure ’, 2 ‘the founder of 
architecture ’. 3 Planning in the field was referred 
to as spreading or unfurling the plan net , 4 which 
appeared to be a reference to establishing ‘grid 
Unes’ on the building site. Foundation cere- 
monies , 5 when the net was spread, took place 
on favourable days appointed by the Pharaoh 
who al so insured that the planning was conceived 
in the traditional ‘divine order ’ 6 and participated 
in its application . 7 He has been pictured placing 
down the peg while the rope-stretchers with the 
rope attached to this peg began the planning, e.g., 
tracing a circle around the peg as a centre or 
marking distances in knots along a straight line. 

The Ancient Egyptians employed a duo¬ 
decimal system of mensuration. 8 The short cubit 
(approximately 49-9 cm ) consisted of two feet, 
six palms or twenty-four digits (each equivaient 
to the breadth of one finger). This system together 
with the Assyrian mensuration system involving a 
cubit of approximately 54.9 ± °-5 cm formed the 
basis of the Greek and Román mensuration 
Systems. Ancient Egyptian mathematics em¬ 
ployed the fraction as a means of progressively 
doubling or halving as well as of adding and 
computing differences. 9 For planning, their geo- 
metric system has been shown to incorpórate the 
square (e.g., square grids), the triangle (the 3:4:5 
right-angled triangle) and the 1:2, 1:4, 1:8, and 
8 :5 (height: base) isósceles triangles . 10 

Using this information a geometric analysis 
of three Egyptian monuments has been presented 
below. The aim of these analyses is to demónstrate 
that these plans, unlike the hitherto presented 
arbitrary point-joining analyses, were constructed 
by a reproducible geometric method based on the 
circle, and its inscribed and circumscribed poly- 
gons, the diameters, the radii and the diagonals 
respectively, forming the key grid lines which 
related perfectly to the outlines of the plan of the 
building. 


The geometrical basis of the analysis 

(i) División of the circumference of the 
circle into twenty-four equal segments is achieved 
either by constructing a square (Figure 81 a) and 
by joining points of the intersecting ares by 
straight lines through the centre of the circle 
(Figure 3) or by using the inscribed double 
hexagon in Figure 8 ib (see also the illustrations 
and the text on pages 4 and 98). 



Figure 81a 
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Figure 81b 
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Figure 8ic 


(ii) The contemporary method of con- 
structing a ‘golden rectangle’ within a square is 
given in Figure 8ic (see also Figure 59 and text). 
The golden rectangle, indicated by the heavy Unes 
in Figures 8ib and c, is so named because the ratio 
of its length to its width is equal to <j), i.e., the 
‘Golden Ratio’. The width of the golden rect¬ 
angle can be seen from Figure 81a to be equal to 
the linear distance between points 24 and 5 or 
points 7 and 12 on the circumscribed square, 
which is also the distance A'A or FFH in Figures 
8 ib and c. 


(iii) A straight line AH, where HB — AC, 
can be progressively subdivided in the proportion 


, AB BC CD 
9 BC CD^DE 


etc., as shown in Figures 82a. 


The application of this method of subdivisión to 
the side AH of the circumscribed square in Figure 
82b and joining the points of intersection (e.g., 
B', C') of the sides of the golden rectangles with 
the diagonals would give a series of rectangles (in¬ 
dicated by heavy lines) the sides of which are 
related to the same proportions of approximately 
(j>. It can be seen in Figure 82c that this method 
also gives the series of squares the sides of which 
are related in the proportion of <j>. These squares, 
e.g., A'C'AC, C'H'C'H", D"H"DH, etc., are 
also referred to as the ‘whirling squares’. 

(iv) As. we have already said in Chapter I, 
the use of linear numerical measure in geometric 
or architectural designing would involve irrational 
numbers with which civilizations before the eighth 
century A.D. could not deai. The square (or 
second power) of irrational numbers being rational 
numbers, a linear progression of square arcas can 
be obtained by the use of dynamic rectangles 
within ACYX (see also Figure 10) as shown in 
Figure 82d, where the diagonal of the fourth 
dynamic rectangle whose long side is equal to V5 
sections side AH at C in the proportion 
AC AH , 

CH~AC 9 ‘ 


This method pro vi des a scale to be used for pro- 
portioning in the construction or the analysis of 
the outlines of architectural plans, as applied in 
the second and third analysis of Egyptian monu- 
ments given below. 
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2 Analyses of Ancient 
Egyptian Monuments 

(a) Temple of Sesostris í at Tod (XIIth 
dynasty, c. 1950 B.C.) 11 

The Temple (Figure 83b), excluding 
the thickness of the walls along the length, is 
a 2:3 rectangle, consisting (in this analysis) 
of 24 unit squares. Following the explanation 
given to (Figure 82d) the three scale dimensions 
used in this plan (Figure 83a) are the diagonal 
(— V2 units) of the unit square, the diagonal 
(= V 5 units) of the double unit square (or the 
1:2 rectangle which is known to have assumed 
great importance in the outline of plans and 
farades in Ancient Egypt) 12 and the hypo'tenuse 

(=2.5 units of the right-angled triangle) 

+* 

of the Osiris triangle; 13 these are indicated by the 
dotted lines in Figure 83a. 


Figures 83a, b and c 
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The distances used to position the central 
bark-chapel are equal to the hypotenuse of the 
Osiris triangle (see Figure 83b). The external 
width and the intemal diagonal of this bark-chapel 
are equal to the diagonal of the unit square (see 
Figure 83b). The remaining outlines in the plan of 
the temple are related to the diagonal of the double 
unit square and are indicated by the dotted line in 
Figure 83c, They run through the points of inter¬ 
sección of the ares or circles (the radii of these ares 
and circles are equal to the diagonal of the double 
unit square and are centred on the long axis or the 
long sides of the temple) with the diagonals of the 
temple, with the diagonals of the constituent 
double squares (solid, thin lines) and with the 

hypotenuses of the triangles constructed 

at the corners of the temple behind the bark- 
chapel (soíid, heavy lines). 


(b) Períptera! Chapel at El-Kab Nortli 
(XVIII th dynasty, 1570-1307 B.C.) 14 

This is a small chapel with the central 
bark-room surrounded by a pillared perípteros 
accessible through a front stairway all enclosed 
within a wall joining the pylon of the entrance 
(Figure 84a). The grid lines are formed by the 
inscribed double hexagon (Figure 84b). The 
width of the temple is equal to the radius of the 
circle or the side of the inscribed hexagon, and the 
length of the temple is equal to the height of the 
hexagon. The width of the pillared perípteros, 
which is equal to the diagonal (through the ex- 
ternal walls) of the bark-room, is defined by the 
sides of the golden rectangles. It can be seen that 
the tliickness of the walls of the bark-room, the 
perípteros and of the pylon are not chosen 
arbitrarily but depend on definite points of inter- 
section within the grid. 


(c) Tomb ofRameses IV (XXth dynasty, 
c. 1140 B.C.) 

Figure 86a is part of the ancient plan of the 
tomb from an original drawing on papyrus, show- 
ing the burial chamber and the sarcophagus sur¬ 
rounded by six concentric enclosures. The grid of 
the analysis (Figure 85b) is shown in Figures 81a 
and b. The ares are centred on the points of inter¬ 
sección of the sides of the circumscribed square 
with the sides (heavy dotted lines) of the golden 
rectangles, and their radius is equal to one half the 
diagonal of the golden rectangles. The sarco¬ 
phagus, the inner and outer lines of the walls of the 
first enclosure have been traced, and only the 
outer lines of these walls of the second, third, 
fourth and sixth enclosures and the corners of the 
fifth enclosure have been indicated at the lower 
end of the sarcophagus. 

The burial chamber is off square. The 
outer wall of the width of the sixth enclosure and 
the inner walls of the third enclosure are defined 
by the sides of the golden rectangles. The outer 
walls along the length of the sixth enclosure are 
Iimited by the centres of the golden rectangles. 
The outer walls (including those not traced) are 
drawn through the points of intersection of the 
diagonals of the golden rectangles or the diameters 
of the circle with the ares of the grid. The lower 
end of the sarcophagus is placed on the centre of 
the circle and the centre of the upper golden 
rectangle is situated above the head of the Pharaoh 
where the crown begins. 

This analysis of the tomb of Rameses IV 
differs from that carried out by Hambidge 15 who 
presented a plan of the tomb, which referred to 
only three concentric ‘sarcophagi’, the innermost 
measuring a double square-shape which could not 
be verified on the plan used here. Since Egyptians 
believed in building in accordance with the ‘divine 
order’ of the universe, the seven enclosures or 
walls about the mummy may relate to the seven 
planets, the seven days of the week or the seven 
‘plumettes’ of Sefkhet, the goddess of ‘builders 
and booksh 
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3 Building According 
to the ‘Divine Order 
ofthe Universe’ 


The Egyptian triangle of Osiris 16 may have 
gained its ‘divine significance’ not only in contain- 
ing a right angle but also on account of its two sides 
and hypotenuse being measurable in rational 
numbers or units, i.e., 3, 4 and 5, respectively, 
adding up to 12, the key unit of the Egyptian men- 
suration system. As we said before, the Ancient 
Egyptians had made an attempt to use the fraction, 
the numerator of which was always equal to one, 

—, ~, etc., and the difference of the fraction 

4 5 « * 3 A 7 

from unity, e.g., -, respectively, was 

4 5 8 

represented as a subtraction from unity, e.g., 

1 — -, 1 — i — ~, respectively. The only 
4 5 ^ 2 . 

exception to this rule was the - , which was 

3 

referred to by a special term and represented by 

thesymbol rf*. 17 

2 8 

The - may be a reference to—, eíght being 
3 12 

the sum of the hypotenuse and the short side of the 
Osiris triangle and/or may represent the peculiar 
geometric relationship between the Osiris triangle 
and the generation of the 1:2 right-angled triangle. 
The dimensions of all types of triangles shown to 



be used in Egyptian architectural planning (see 
page 116) are related to the dimensions of the 
Osiris triangle. In Figure 86 the sides of the right- 
angled triangle ACD are in the ratio of 1:2 
(therefore related to the rectangle of sides 1:2, 
which we mentioned to be of significance in 
Egyptian architectural planning) and the sides of 
the right-angled triangle CDE are in the ratio of 
3:4, i.e., the 3:4:5 Osiris triangle. The side AC of 
the right-angled triangle ACD is sectioned (see 
Figure 59 for method) by point B such that 
AC AB 

Ág = gQ = 0 where AB = 4.99 =¿= 5.0, and 


therefore AB -f EC =¿= AC(8.o). The number 
eight might thus have gained a significance for the 
Egyptians who wished to build in the ‘divine 
order’. Numbers 3, 5 and 8 are included in the 


5 8 

Fibonacci series 18 , and ~ - ~ <f> (see page 82). 


‘The Divinity’ in the relationship of these numbers 
may, therefore, date from the time of the Ancient 
Egyptians. The monuments analysed above were 
erected a few centuries apart over a period of about 
eight centuries. In the temple of Sesostris I, the 
central bark-chapei, i.e., the holy area, was pro- 
portioned using the hypotenuse of the Osiris 
triangle. Later, the chapel in the temple of El-Kab 
and the burial chamber of Rameses IV were both 
designed by the use of the <j> proportioning system. 
There is evidence that the Egyptians did keep 
‘archives’ which may be the ‘books’ guarded by 
Sefkhet, hidden in the temple chambers and con- 
taining the ‘secrets’ ofthe ancient plans for build¬ 
ing in the divine order, only accessible to the 
Pharaoh and the appointed men of proper skills. 11 
The ‘divine’ methods of building may have 
started by the use of the triangle of Osiris, and the 
more sophisticated geometric method of pro¬ 
portioning with (j) as described on pages 82 to 83 
may have occurred later with development oí 
knowledge and skills in geometry and planning. 
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4 Islamic Concepts in 
Architecture 

Architectural styles, distinguí shed by 
architectural forms, are determined by principies 
in design and in the usage of building materials; 
the ‘formulae’ and the ‘media’ of their application 
reflect the knowledge and beliefs of a society. For 
example, the Ancient Egyptians who believed in 
immortality used mostly stone, despite the abun- 
dance of the much more easily workable mud, 
from the Oíd Kingdom 3100 B.C. until the death 
of Cleopatra at the end of the Ptolemaic period 
30 B.C., whereas the Mesopotamians, e.g., the 
Sumerians and As,syrians who believed in finite 
existence, used oníy mud brick. Similarly, in the 
Román world irrespective of the variations in the 
local availability of building materials, specific 
architectural forms were always constructed with 
the same ‘formulae’ and ‘media’. In the Muslim 
world, which spread wider than the Román 
Empire, both the formulae and the media were 
determined by the local conditions and traditions, 
such that at least six principal styles, Syro- 
Egyptian, Mesopotamian and Persian, Andalusian 
and North African, Turkish, Indo-Islamic and 
South Arabian have evolved. The mosque is the 
most prominent example of the types of Islamic 
architecture which inelude the fort, palace, khan 
or caravanserai , madrasah (school), hospital, 
hostels for poor, closed bazaar, hammam (public 
baths), mausoleum, fountain, etc. The mosque is 
an enclosure for prayer and consists of: the sahn (a 
courtyard where the fountain for ablution is 
placed) i the sanctuary or the sheltered area with 
the mihrab (a niche in a wall indicating the direc- 
tion of Mecca), the mimbar (elevated pulpit) of the 
Imam (the leader of the congregation) and the 
minaret. There is, however, no standardized or 
basic plan determining the relative positions or the 
proportions of these component structures, ñor a 
preference for specific building material. Indeed, 
the forms of the domes, arches and minareis vary 
radically from North Africa to Turkey and India 
(see Pía tes 41—46). 

The decoration of the exteriors and in¬ 
teriore of Islamic buildings and monuments was 
predominantly non-representational and, in the 
case of the mosque, invariably so. Calligraphy and 
geometric designs were used to convey an effect 
appropríate to the purpose of the buildings. The 


concepts and the method with which the architect 
and the designer worked were the same, enabling 
them to achieve a totality of purpose in artistic 
creation. 


5 Planning 

The analysis of the plans of three mosques 
and three palaces from different regions of the 
Muslim world have been presented below in 
chronological order. It can be seen that the best 
grid lines of analysis were in each case based on 
the square and the V2 system of proportioning 
(see páge 8). As we said before, the creations of 
man reflect his beliefs, and the methodology 
borrowed from previous civilizations, from the 
common human heritage, is developed to suit the 
practices and purposes of a particular society. We 
suggested that the earliest traceable origins of 
Islamic methods of architectural planning may 
have been in Ancient Egypt. However, as the 
methods of Egyptians were relevant to their par¬ 
ticular interpretation of the universal order, so 
methods appear to have been adopted to suit the 
Islamic perspective. In the fifth epistle of the 
Ikhwán al-Safa’, 20 it has been explained at length 
that ‘God has created in his wisdom this universe 
engendered with mortality in squares (or fours) 
consisting of compatible and opposing (or incom¬ 
patible) pairs. The secrets of which are only known 
to their Creator’. 21 The statement ‘and of every- 
thing we have created pairs’ was also quoted by 
them from the Quran (li, 49) in support of this 
theory. It has been proposed, for example, that 
one of each of the four seasons of the year, of the 
four quarters of the day, of the lunar month, of the 
Zodiac signs, of the four directions of the compass 
and the four winds from these directions, of the 
four elements and the four physical properties, of 
the four humours, the four ages, moralities and 
behaviours of man, of the four types of sensations, 
of smell, and of taste, of the four preferences for 
colour and musical sounds, and of the four strings 
of the lute, one of each of these fall into the same 
category; thus ‘all living beings and the objeets in 
this world fall into four categories’. 22 ‘When the 
compatible combine in right proportions, they 
potentiate each other’s effeets and overeóme their 
opposites.’ 23 ‘This is the way wise men prepare 
their curing remedies’ 24 (which is reminiscent of 
the Ancient Egyptian way of balancing health 
versus illness). Therefore, one could argüe that 
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there was a conviction at the foundation of Islamic 
methodology or architectural pianning. The basic 
grid upon which the plans were designed imparted 
the unity, but the freedom in choice of the design 
allowed for the artistic creativity and the develop- 
ment of regional or local styles. 
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Chapter IV 
Arabic Calligraphy 


Calligraphy in Arabic is referred to as 
handasat al-khatt (the geometry of fine), ‘fine’ 
meaning ‘letters’ or ‘writing’. Since the rise of 
Islam, calligraphy has been a major art form. 
Numerous manuscripts have survived describing 
new methods of writing and combining different 
Scripts, and also explaining diligently the shaping 
and proportioning of letters, the making and 
manipulation of pens fot each script, and the pre¬ 
para tion of colours, inks and paper. 

In the early Islamic period there were two 
main types of writing, al-küfi al-ydbis (dry Kufic), 
which was angular and rigid, and al-küfi al- 
layyin (soft Kufic) also called al-küfi al-muqawwar 
(rounded Kufic). The Iatter, aithough charac- 
terized by strong angularity, also incorporated 
rounded elements and can be identified as the pro- 
totype of the later ‘Cursive Scripts’. The cursive 
scripts have also been called the naskh Scripts 
0 naskh meaning copy) because of the fluency of 
transcribing achieved by using the rounded forras 
of letters. Arabic calligraphers referred to the 
smooth style of writing with rounded letters as 
adding humidity ( rutübah ) to a script so as to 
iiioisten its characteristic dryness or angularity. 
The naskh scripts should not be confused with the 
^Nashki Script’ which is a distinct style in the 
naskh or cursive scripts. Therefore, in this 
chapter, the naskh scripts are referred to as the 


cursive scripts. In the course of time there evolved 
from these two early Kufic scripts many different 
styles of writing including those now used in the 
Muslim world. 

By the tenth century A.D., floriate, 
foliated, plaited and many other Kufic styles had 
developed from the angular Kufic script, which 
was especially used in architectural decorations, 
the manuscripts of the Quran, and inscriptions on 
coins. The Maghribi (Western) script, with its 
differing forms in Andalusia, Fez, Kairouan and 
elsewhere and still used in North Africa, was 
established by introducing stylistic variations into 
the original Kufic. The essential angularity was 
preserved but the ordering of the letters in the 
alphabet and the forms of indicating the letters/á’ 
and qdf by dots (see below) were different from 
the cursive Mashriqí (Eastern) scripts. 



letter fd’ 

letter qdf 

Maghribi 

L¿ 


Mashriqi 

Ó 

ó 
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The Cursive Scripts 

It is claimed that the distinguished Abbasid 
wazir (minister) and calligrapher Ibn Muqlah 1 
(d. 327/939) was the first to have developed a geo- 
metric method of construction and proportioning 
the Arable letters in the cursive Scripts. 

The thickness of the line drawn by the pen 
employed was the unit measure for the size of the 
lettersj and was referred to as the nuqtah (point). 
The proportion of the thickness to the length of the 
letter alif (the first letter of the Arabic alphabet, 
and written as a vertical straight line) determined 
the basis of construction of the script. When a 
circle was drawn with the alif as diameter, the 
shape and the proportional sizes of all the other 
letters of the alphabet could be derived from this 
circle, as will be shown later. The system of 
nisbah fadilah (noble proportion) of calligraphy, 
based on the method of Ibn Muqlah was outlined 
in one of the fifty-two epistles written in Basra at 
the end of the tenth century A.D. by the Ikhwan 
al-Safa’ 2 (Brethren of Purity - who aimed at inte- 
grating Islamic and Greek philosophies). The 
proportion of the thickness to the length of the 
alif was 1:8 points (Figure 93a). The letters ha!, 
tá\ and tha, which differ only in the number and 
position of indication dots, were equal to the alif : > 


i.e., eight points long (Figure 93 c )- Letters with 
rounded forms were equal to one-half or one- 
quarter of the circumference of the circle drawn 
with the alif as the diameter. Therefore, for con- 
venience of explanation, the circumference of this 
circle is equalled to twenty-four points (Figure 
93b), although mathematically, the circumference 
dit is equal to 25A points. The upper stroke of the 
letters jitn, ha! or kha!, which also differ with 
respect to the indication dots, was four points 
(one-half of the length of the alif), and the lower 
are was one-half of the circumference of the circle 
or twelve points (Figure 93d). 

The letters rd’ or zá\ without and with an 
indication dot, respectively, were each one-quartei 
of the circumference of the circle, i.e., six points 
long (Figure 93c). The other letters of the alpha¬ 
bet were constructed with similar reference to the 
alif and the circle. 

All cursive Scripts which have develope» 
since Ibn Muqlah have been constructed by thi 
same geometric method based on the alif and th 
circle; they differ in the length of the alif, and th 
relative proportions of the other letters to the ah 
or its circle. 
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The Thuluth was one of the first scripts 
based on the method of Ibn Muqlah. It may have 
been called Thuluth (one-third) because the pro- 
portion of a diameter to the circumference of its 
circle is one to n, wliich is slightly less than one- 
third. In this script, the proportion of the width to 
the length of the alif was seven points. In the 





C 


Naskhl Script and the Ruq‘ah Script the length 
of the alif was six and three points respectively. 
Differences in the construction of various scripts 
inelude, amongst others, the inclinations of the 
vertical and horizontal elements of the letters, the 
roundness of the curved forms and the decorative 
treatment of vowel signs.(Figure 94). 3 


Ríhanl 


Thuluth 


Thuluth Jalí 




Ruq‘ah 




OOOO 
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From the Abbasid period onwards the 
Arabic alphabet was adapted to other languages, 
such as Persian, Seljuk and Ottoman Turkish, 
Hindustani, Pushtu, Malay, Berber and Swahili. 
The Ta‘líq or Naskhi Ta‘líq Script was developed 
in Persia in the eleventh century A.D., and the 
Diwání Scripts were developed in Turkey in the 
mid-fifteenth century and were used as the 
official Scripts of the Ottoman Empire. With the 
invention of these different cursive scripts 5 calli¬ 
graphy developed into a major decorative art form 
which provided scope for self-expression to the 
artistin the Muslim world. 


Figúre 95. The hexagonal, octagonal and pentagonal stars (which 
were shown in Chapter II to be master grids of the design) may in 
this case have had a mysticai significance since they have been 
associated with the ñame of the Prophet Mohammad and ‘Allah’ 
(which is placed centrally, see Figures 95b and c) and positioned at 
the centre of the dome or vault. 



Figure 95a. Dome of the Ulu Cami, Eski Maíatya 5 Turkey, 
645/1247. 
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x. Zayn al-Din, N., p. 96. 

2. Ikhwánal-Safa’, Vol. I, pp. 220-1. 

3. Zayn al-Din, N., fig. 404 onp. 127. 
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Arabio literature of the Jáhilíyah or the pre- 
Islamic period had been developed to a higli 
degree of perfection. The annual meetings at the 
commercial fair of TJkáz were renowned as 
literary arenas where poets demonstrated their 
skiils. The mu‘allaqát, the seven odes of pre- 
Islamic Arabia, were so highly regarded that they 
were hung in the Kaaba. These poems were in 
themselves sufficient proof of the remarkable 
achievement of the Arabic language. Poetry was 
highly formalized, governed by strict rules which 
were not documented, and, therefore, the metre 
as well as the quality of the poem was assessed by 
the trained ear. Arabic poetry was rarely recorded, 
but transmitted orally through each generation. 

Al-Khalíl ibn Ahmad, born 99/718, is 
accepted as the first Arab philologist to have sys- 
tematically categorized the metres of classical 
Arabic poetry into fifteen distinct types. Later his 
student Al-Akhfash added the sixteenth and final 
type of metre. 

Al-Khalil standardized the use of eight 
words called the Tafidah (comparable to metrical 
feet, and which will be referred to as verbal units) 
such that the repetition of one or two, but not 
more, verbal units in a particular coded order 


produced the metre of a line of verse. The 
system of the Tafidah, together with other strict 
rules, not elaborated here but referred to by Al- 
Khalil as the ‘circles of ‘ arüd ’ (‘arüd meaning the 
science of making poetry), provided the means to 
sean Arabic poetry and to classify it into its six- 
teen metres. 

In the Arabic language vowels are indicated 
by three signs, the fathah, dammah and kasrah, 
written above or below each letter and called the 
harakát (motions). The absence of a vowel is 
indicated by the sukün (silent) sign above a letter. 
The three madd letters, alif, waw and j/ü, which 
in the ordinary language are either long vowels or 
consonants, have a special function in the Tafi‘lah 
system; they are always considered consonants 
with the silent sign. Thus, a series of letters with 
their vowels and silent signs constitutes a verbal 
unit which, when repeated in a particular order, 
dictates the order of the vowels and silents in a 
line of verse and thereby determines the phonetic 
pattern. The poet has to choose his words such 
that the successive vowels and consonants in the 
line of poetry coincide with those of the chosen 
phonetic pattern. In the diagrammatic presenta- 
don of the verbal unit, the vowel and silent signs. 



The Circles of'Arud in Arabio Poetry 


i.e., ‘sub-units’ of each verbal unit, are indicated 
by the vertical stroke and the circle, respectively: 

Sub-units 

IIOIO 

r i o i o i o 

The capital letters (the madd letters alif, 
waw and ya) indícate silences. Each underlined 
letter or letters of the verbal unit is represented 
by the sub-units placed in the same order as 
these letters. 

The scanning of classical Arabic poetry by 
sub-units thus uses a quantitative and not a 
syllabic system. ’For example, in the unmodified 
form of the Tawíl (long) metre, which carne to be 
the most popular of the sixteen coded metres of 
Arabic verse, two verbal units,/a ‘u W lu n, mafa 

A ‘i Y lu n ¿JUU ^ - «' are repeated alternately 

four times with a result that the forty-eight sub- 
units (see Table i) establish the characteristic 
rhythm of each line. 


Verbal Unit 
ía‘uWlun 
ma fa A ‘i Y lu n 


. -» ¿s 

o S // 

O-hí'U» 


Table i 

Tawíl Metre (in sub-units) 

IIOIO IIOIOIO IIOIO IIOIOIOX IIOIO IIOIOIO IIOIO IIOIOIO 

The ratios of the number of vowels to silent 
signs in the whole, in one-half and in one-quarter 
of the Tawíl metre are 28:20, 14:10 and 7:5, 
respectively. It is this geometric proportioning 
of the sub-units which gives the poetry its 
mizán (order and balance). 



In the Arabic poem each line has a com¬ 
plete meaning of its own, and is always construc- 
ted in the same metre. Each line can be shown, 
therefore, to bear the same relationship to the 
whole of the poem as the repeat pattern to the 
overall design (as discussed in Chapter II). The 
construction of the metre based on one verbal 
unit repeated eight times (e.g., Mutaqárib and 
Mutadárik metres) or two successive verbal units 
repeated four times (e.g. Tawíl and Basít metres) 
can be compared to the construction of the repeat 
pattern on the master grid of the octagonal star 
(Figures 96a and b respectively). Similarly, con¬ 
struction of the metre based on one verbal unit 
repeated six times (e.g., Ramal and Kamil 
metres), or two successive verbal units repeated 
three times (e.g., Khafíf metre) can be compared 
to the construction of the repeat pattern on the 
master grid of the hexagonal star (Figure 96c and 
d, respectively). In the case of Figure 96b and d, 
the two inscribed polygons may have any relative 
positions except for superimposition. The ex- 
ample of all the sixteen metres of classical Arabic 
can be used to form the master grids based on the 
octagonal or hexagonal stars 1 as illustrated in 
Figure 96. The construction of the metre or the 
phonetic pattern for a line of verse from vowels 
and consonants combined in definite proportion 
and sequence by the use of the same or two dif- 
ferent types of verbal units is comparable to the 
construction of a particular master grid and henee 
to the repeat pattern of a design from constituent 
polygonaí units positioned at definite angles to 
each other by the use of equal or proportional 
segments of the circumscribing circle. In other 
words the same concept determines the making 
of rhythm in space or rhythm in time. 



Reference 


i. Sammüdj, N 0 p. 20. 






Chapter VI 

usic in the Muslim 




The early theory of classical Arabic 
music is the same as that of the mizán of Arabic 
poetry (see Chapter V) from which music making 
developed as an orally transmitted (i.e., undocu- 
mented) art form. The cultural exchange in the 
Muslim world established this theory as the com- 
mon basis of independent music making also in 
Persia, Turkey and North Africa. In the early 
Islamic period (seventh and eight centuries A.D.) 
singers like Tuways, Ibn Muhriz and Ibn Misjah 
(the latter under the patronage of the Umayyad 
Khalifate in Damascus) travelled extensively in 
Persia and the Byzantine countries acquainting 
themselves with the local music which they 
modified to suit their own rhythms. Ibn Misjah is 
believed to be one of the earliest musicians to 
record the theory of classical Arabic music in the 
Muslim world. In the eighth century A.D., the 
Siná'at al-Müsiqa (the craít of music making) 
was described by musicians like Zalzal and Al- 
Musilli. Later philosophers like Al-Kindí (ninth 
century A.D.) introduced methods of systematic 
analysis and coding based on the Hellenic 
theories of music which Euclid, Aristoxenus and 
Nichomachos had developed. Music became so 
highly regarded that a vast literature on the 
history of poetry and music was accumulated, of 
which Al-Aqd al-Farid by Ibn ‘Abd Rabbih 
(b. 246/860), and the Kitáb al-Agháni in twenty- 


one volumes by Al-Isfaháni (d. 356/967) are th< 
best known. 


The Construction 
of Classical 
Arabic Music 

In the fifth epistle by the Ikhwan al-Safa 
(see page 125), the rules of musical compositioi 
were developed from the mizán of poetry. 1 Earl; 
Arabic music therefore consisted of singing Une 
of verse with rhythmic accompaniment deter 
mined by the mizán of the poetry. Purely instru 
mental music, a later development, was ah 
governed by the rules of vocal music. (AlthougJ 
contemporary western scholars of eastem musí 
may find the Ikhwan al-Safa’ unrepresentative c 
the later developments in these rules, we choose t> 
refer to this earlier source since the later change 
were not fundamental deviations from the prin 
ciples described here.) 



Music in the Muslim World 


(a) Rhythm 

The three basic rhythmic sub-units of 
Arabio music are made up from the same sub- 
units as the verbal units of the Tafi'lah system of 
poetry (see Table 2) and are described below. The 
notation of sub-units of the Tafifíah system are 
included here to compare these with the smallest 
musical elements, i.e., the musical beats. 


Table 2 


Type of 

rhythmic 

unit 

Constituent 

By 

musical 

beats 

Tafi'lah 

notation 

(i) Sabab 

one vowel and one silent 

lu n 

(10) 

(ii) Watad 

sign 

two vowels and one silent 

vunun 

(lio) 

(iii) Fásilah 

sign 

three vowels and one silent 

tu nu nu n 

(IIIO) 


sign 6 




The tu and nu are the syllables represent- 
ing beats with a sound or without a sound (i.e., a 
£ rest’), the tu being the syllable used to indicate 


Table 3 


(1) Al-Thaqíl al-Awwal 


Tafi'lah : ma f ‘u W 

Tañ'lah notation: I o i o 

Musical beats r tu n tu n 

Musical aceems : D $ 

Rhythmic units : Sabab Sabab 


lu n ma f ma fa 

1 o 10 ti 

tu n tu n tu nu 

T S D S 

Sabab Sabab Watad 


A ‘i Y lu 11 ma f 

0 X o 10 JO 

n tu i> tu n tu a 

T S T 

Sabab Sabab Sabab 


the beginning of a rhythmic unit, and the n 
indicates an infinitesimally short interruption 
introducing discontinuity of sound, i.e., a break 
before the next rhythmic unit. The rhythmic 
units are accented by the strong beat ‘dum’ (D), 
the light beat £ tek ’ (T), and the silence or Test’ 
suküf (S), one of which accompanies each 
musical syllable. The eight principal rhythmic 
patterns of Arabic music used in the ninth 
century A.D. (as documented by the Ikhwán 
al-Safa’) are given in Table 4, and, when possible, 
the rhythmic patterns have been supplemented 
with typical assignments of musical accents (D, 
T & S). Variations in the rhythmic patterns and 
in the accenting, approximately three hundred in 
all, have developed since the ninth century. 
These variations are classified into two types, 
both of which can contain around eighty-eight 
beats per rhythmic pattern: those containing 
even numbers of musical beats and those con¬ 
taining odd numbers of musical beats. 


(5) Al-Ramal 


fa A ‘i lu n 

JO lio 
tu n tu nu n 

D S T 

(?: 4 ) 


tu nu 
D S 


tu nu n 


The rado of 4 harakát’ (motions, vowels) to ‘ suküns 5 (un-voweiled silences) or of the 
number of musical beats to the nuinbcr of rhythmic units per unit pattem is 9:8. Here maf is an 
interrupted versión of mafuWlun. The capital letters in the Tafi.Tah indicate un-voweited 
silences (the madd letters, see page 135). 


(2) Khaflf al-Thaqil al-Awwal 


ma fa A ‘i I ma fa A ‘i Y Su n 

troxo rro ro 10 

tu nu n tu n tu nu n tu n tu n 

< 7 : 5 ) 


(3) Al-Thaqil al-Tháni 

ma f 'u W lu n im f r u W ma fa A ‘i Y lu n ma f 

10 10 10 1010 iroroio .ro 

n.] n. tu n tu n tu u tu n tu nu n tu n tu n tu n 

{r í .-ro) 


Here mafuW is another interrupted versión of mafuWlun. 


(4) Khafíf al-Thaqil al-Tháni 


fa lu n fa *i lu n fa *i lu n 

1110 IIIO ItiO 

tu nu nu n tu nu nu n tu nu nu n 

( 9 ’ 3 ) 


(6) Khafíf al-Ramal 


mu ta fa A ’i Sa tu n mu ta fa A ’i la tu n 

irlo trio 1110 iiio 

tu nu nu n tu nu nu n tu nu nu n tu nu nu n 

dst dst dst tdt 

(12:4) 


(7) Khafíf al-Khafíf 

*u W ma fa A ‘i lu n ma fa A lu n 

to iro rio 1 1 o 1 1 o 

tu n tu nu n tu nu n tu nu n tu nu n 

D D S T D S T S 

(8:4) 


(8) Al-Hazj 


fa A ‘i lu n fa A ‘i lu n fa A *i Eü n 

10 110 roiio torio 

tu n tu nu n tu n tu nu n tu n tu nu n 

( 9 *) 
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Music in the Muslim World 


The rhythmic pattern is comparable to, 
and is repeated throughout,a song, like the ‘metre’ 
of a line of poetry. As in the making of the ‘metre’, 
one type of rhythmic unit is repeated two to four 
times or two types of rhythmic units are repeated a 
definite number of times to produce an ordered 
sequence of beats of the same or different dura- 
tions, respectively. Since the rhythmic units 
follow the vowels and consonants of the written 
word, the use of the appropriate rhythmic pattern 
enabies the transcription of the phonetic rhythm 
of the line of poetry into music. The ratio of 
the total number of beats to the verbal units 
(which is equivalent to the ratio of vowels to the 
silents and consonants of the line of poetry 
spanned by the rhythmic pattern) determines the 
pattern or the sequence of the musical beats, and 
henee the particular effect of the melody com- 
posed on it. A large ratio of beats to units (e.g., 
pattern nos. 4-7 in Table 3) gives a rhythmic 
pattern consisting of long beats and provides for 
longer continuity of sound. A small ratio on the 
other hand (e.g., nos. 1-3 in Table 3) gives a 
pattern of small beats repeated many times. The 
subdivisión of the metre of poetry into a sequence 
of different durations of sound by the use of a 
definite proportion of beats to verbal units 
constitutes the geometric basis of the ‘craft of 
music making’. 

(b) Melody 

The basic musical scale used in the Muslim 
world consisted of seven notes, forming an octave 
with the repetition of the first note, as in the 
western musical scale: 

I yekgáh(rast) 

II dogah 

III segáh 

IV chehargah 

V penjgáh (nawá) 

VI sheshgah (husayni) 

VII haftgáh (awj) 

VIII kardan (yekgáh high) 

The first, fourth and fifth notes of the 
scale contained four quarter intervals, i.e., tones 
(large intervals), and the second, third, sixth and 
seventh notes contained three quarter intervals 
(small intervals), the complete scale thus consist¬ 
ing of twenty-four quarter intervaís or tones. 2 The 
large and the small intervals could be shortened or 
lengthened by the deduction or addition of suc- 
cessive quarter intervals or tones whereby ‘chro- 


matic intervals’ of, e.g., two or six quarter tones 
could be formed. 

The seven principal maqdms (modal scales) 
of music (Table 4), on which the melody was 
composed were distinguished by the length of the 
intervals between the successive seven notes. 
Variations on each of the seven principal maqdms 
have been found totalling ninety-five different 
types as listed during the 1932 Arab Music 
Congress in Cairo. 3 The reader may notice that 
the ‘Ajam maqám is identical with the western 
‘major scale’. The maqám was never extended 
further than two or maximally two and a half 
octaves in order to make the melody musically 
appreciable. Each scale had three related ‘dimen- 
sions’ (Table 4). 

Table 4 

Intervaís in half-tones (=2 quarter tones) 
between the eight notes (the first dimensión) 
of the octave. 

(first dimensión) 

1 II III IV V VI VII VIII 

1. ‘Ajara 221222 í 

2. Náhawand 212213 1 

3. Rast 2 2 2 i¿ ij- 

4. Bayat ifc 2 2 1 2 2 

5. $abá 1$ 1 3 I 2 2 

6. Hijaz i 3 i 2 2 

7. Sigah i* 2 2 li ii 2 1$ 

(í) The first dimensión is the octave with 12 half-tone intervals between notes I and VIII. 

(ti) The second dimensión is the subdivisión of the scale ‘by the fifth 5 (I^V-^VIII), in the 
ratio of 7:5 half-tone intervais. 

(iii) The third dimensión is the subdivisión of the scale ‘by the fourth 5 (I«e*IV«-eVIII), into the 
ratio of(5 :j half-tone intervals (with the exception of the maqdms Sabá and Sigah). 


It can be seen that the interval between the 
Vth and the Ist or the Vth and the VlIIth note is 
always constant (see second dimensión, Table 4). 
This is determined by the ‘definite or perfect’ 
effect of ‘conclusión’ evoked in the human mind 
when either of the two latter notes are sounded 
after the Vth. The effect of sounding these notes 
after the IVth has a slightly less satisfactory 
sense of conclusión or repose when compared 
with the effect of the Vth. Since the age of 
classical Greece, repeated attempts have been 
made to account for the mathematical signifi- 
cance of these intervals in order to reveal the 
inherent logic of music. According to Pythagoras, 
‘The numbers by means of which the agreement 
of sounds affect our ears with delight are the very 
same which please our eyes and our minds.’ 4 
Alberti, the celebrated Renaissance architect, has 
been quoted as saying that ‘harmonio ratios 
inherent in nature are revealed in music’. 5 (See 
note, page 140). 


Sub-división of the scale in half-tones. 


by the 
fifth 

(second dimensión) 

7 5 

7 5 

7 5 

7 5 

7 5 

7 5 

' 7 5 


by the 
fourth 

(third dimensión) 
Í^IV^VIII 
5 7 

5 7 

5 7 

5 7 

4 8 

5 7 

5* <4 


139 



Music in the Muslim World 


(c) Composition 

When composing music to poetry, which 
is still the main form of composing classical music 
in the Muslim world, the first step is to establish 
the rhythmic pattem following that of the verse. 
Then the maqám most suitable to the words and 
the mood of the poetry is chosen, and, finally, 
the melody is composed to follow this metre and 
the selected maqám. It can be seen that here the 
rhythmic pattern, or the ‘metre’ of the song, is 
the determinant of musical composition, and 
although a choice of rhythmic patterns, the use of 
which, requiring advanced musicianship, is avail- 
able to suit a given metre of poetry, they are 
nevertheless ‘prescribed’ or ‘set’, whereas the 
‘melody’ is subject only to the imagination of the 
performer/composer. Only those melodies of 
outstanding originality and beauty carne to be 
documented, but the composers often remained 
anonymous. 

When a cycle or group of songs is being 
composed (or performed), it is customary to 
present together those composed on the same 
maqám. The effect of repetitiousness, which 
could be imparted to the songs as a result of the 
limited choice of rhythmic patterns used with a 
given maqám, is overeóme mainly by the changes 
in melody, the order of the musical accents (which 
alters the intonation) and by the speed of the 
performance. In the Andalusian school of singing, 
for example, the speed of the performance moves 
from slow to fast and prepares the listeners for the 
finale of a particular section. Change in mood 
from one group of poems to the next necessitates a 
skilful ‘passage’ from the previous to the new 


Note 

When we apply the Fibonacci series, which 

,, -35813 

approximates <j> by the proportion f “ 3 5 “ g 

(~ <j>), also described on page 82, to the notes of 
the Ajám maqám over a span of two octaves by 
equating note I to number 1 of the Fibonacci 
series and the successive notes at half-tone 
intervals after note I to the numbers 2, 3, 4, 5> 6, 
etc., of this series, the numbers 1, 5, 8 and 13 of 
the series correspond to the notes I, III, V and 
VIII, respectively, which are perfectly harmonious 
notes belonging to what is musically described as 
the overtones of note I. 


maqám. The smoothness and beauty of this transi- 
tion depends entirely on the creatívity and the 
musicianship of the performer, and may be 
compared to the cadenzas rendered by European 
instrumentalists. The ‘passage phase’ as it is 
called, is achieved almost like ‘modulation’ in 
western music, by going through the scaíes of 
maqáms of common notes and intervals and finally 
homing in on the desired maqám. Song eyeles 
often begin and end in the same maqám to render a 
unity to the whole performance which may have 
spanned a number of different maqáms as dictated 
by the changing moods or topics introduced in 
the cycle. 

In apprenticeship, acquisition of the know- 
ledge of the relationships of the different rhythmic 
patterns and maqáms , the skills of applying 
musical rhythmic units to the metre of poetry and 
of playing the musical instruments are emphasized 
equally. The achievement of perfect musician¬ 
ship lies in this synthesis and is judged by the 
flueney and spontaneity of the musician in 
composing/improvising. It is this craftsmanship 
which forms the common basis of music making 
in the Muslim world. Distinct styles, e.g. 
Turkish, Persian, North African, etc., have been 
developed by the introduction of variations on the 
basic rhythmic patterns and maqáms to suit the 
differences of language or dialect, and the poetry 
of the different regions. In the Muslim world we 
can thus equate the ‘craftsman-designer’ with the 
‘craftsman-musician’ (or with the poet) who im¬ 
provises on rhythmic guidelines in the creation of 
musical (or phonetic) designs. 
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Analyses of Fatterns 
in the Applied Arts 


In this chapter detailed analyses of various 
designs in the applied arts are presented to 
illústrate how patterns and proportion have been 
derived geometrically. 
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Figure 98 



Píate 48. Giazed 
tiles a Bukhara> 
USSR 3 8th/i4th 
century. 









Figure roo 



Fíate 51. The Ardabíl carpen, Tabriz, 946/1539 
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Figure 103a 


Figure 103b 



1 50 


Figure 103c 


Píate 54. Q 









Conclusión 


With the expansión of Islam, Arabic, the 
language of the Quran became the cultural 
language of the Muslim world. During the ninth 
century A.D., with the development of educa- 
tional institutions in cities such as Baghdad and 
Merv, works of alien cultures, for example, 
Greek, Indian, Turkish and Persian, in the fields 
of music, mathematics, astronomy, natural 
Sciences, medicine and philosophy, which had so 
far been translated only into Syriac, were studied 
systematically, developed and documented in 
Arabic. This trend produced the ‘universal man’ 
of the Muslim world — Al-Kindi, Al-Fárábi 
(Alpharabius), Ibn Siná (Avicenna), Ibn Bájja 
(Avempace), Ibn Rushd (Averroes) of the ninth, 
tenth, eleventh and twelfth centuries, respectively 


- whose works were translated into Latin. The 
making of a man who was a scientist, musician, 
mathematician, astronomer, lawyer, etc., all in 
one was made possible by applying a methodical 
approach to studying and writing in the fields of 
Sciences and arts, which aimed to deepen the 
understanding of the order of the universe and 
thereby establish a way of life harmonious with it. 
Therefore, in its openness or its ‘evolutionary’ 
disposition, the Islamic tradition in Sciences and 
arts has achieved a continuity of the common 
human heritage. The adoption and application of 
a geometrical method as a unifying basis to 
diverse fields of self-expression is one such 
contribution which we have attempted to em- 
phasize in this book. 


He hath created man 

He hath taught him power of expression 

The sun and the moon are made punctuaí... 

And the sky He hath uplifted; 

And He hath set the balance 

That ye exceed not the balance 

But observe it strictly, ñor fall short thereof. 


(Quran, Sürah LV, The Beneficent) 
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Geometric Concepts in Isiamic Art 


This study traces man's approach to 
measure, outlines the geometric 
concepts of design and shows how 
they apply to different fields of 
isiamic art. The survey inciudes 
diagrammatic anaiyses of patterns 
empíoyed in Isiamic art and architect- 
ure and illustrates how these designs 
were conceived and constructed 
through a geometric System and how 
they are linked and unified, despite a 
diversity of materiais, forms or styles. 
!t shows how a geometric method 
based on subdividing the circle 
enables the artist to create freely yet 
easily and correctly without the 
complicaron of a numerical System. 

¡n this way abstract beauty is 
achieved with perfect interrelation- 
ship between the parts and the 
whole and irrespective of the mode, 
form or scaie of expression. 

Other tities in the World of Islam 
Festival íllustrated Series: 

Art of Islam: Language and Meaning: 
Titus Burckhardt 

The Quranic Art of Calligraphy and 
lílumination: 

Martin Lings 

slamic Science-an íllustrated Study: 
seyyed Hossein Nasr 


n k I nn r a ^ o. 



1 m 


issam El-Said 

Bom in Baghdad in 1939, Issam El- 
Said attended Millfield School at the 
age of thirteen and then Corpus 
Christi Coilege, Cambridge, where he 
obtained a degree in architecture. As 
a painter and print-maker he has 
exhibited extensively in the Middle 
East, Europe and America and has 
works in American and Middle 
Eastern museums. At present he ¡ives 
in London. 


Ay§e Parman 

Ay se Parman was bom in Ankara. 
After finishing school in Istanbui she 
trained at the Uniyersity of London, 
where since 1974 she is working for 
a post-doctoral qualification in 
Chemical Pathology. 


!^<^m Ff 









ISBN O 905035 03 8 


















